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SOME ASPECTS OF THE MECHANICS AND DYNAMICS OF
BLOOD-BONE INTERCHANGE
H . M . FROST*

INTRODUCTION
This is an interpretive paper. Its first purpose is to outline some failings of the
hydroxyapatite-hydration shell theory. Its second is to depict how other known facts
of bone structure, physiology and physical chemistry can provide better understanding
of blood-bone interchange phenomena when superimposed on the known features of
the hydroxyapatite-hydration shell complex. Its third purpose is to inject new and
necessary ideas into a field that is disorganizing because of lack of perspective.
This paper, then, is intended to be a stimulus rather than a reference.'-" Its
documentation is accordingly general and selected for its provocativeness. Much of
the information referred to is based on the writer's research.
Such a publication must be justified. Justification here is the increasingly widespread use of an incomplete theory to interpret data, particularly data derived from
radioactive isotopes. Other factors than the hydroxyapatite crystal are ignored although
they are more important in the sum total of observed interchange data than the
hydroxyapatite-hydration shell complex alone. A broader perspective is needed.
ORIENTATION
Known facts will first be presented that point out the nature of the problems
presently presented in blood-bone interchange studies.
1. Bone Seeking Substances: Since John Hunter we have known that alizarin
deposits in newly forming bone and remains fixed there until remodelling processes
release it by destroying the host bone. Many bone-seekers are now known and are the
subject of much clinical, public health and scientific interest.
Some bone seekers are harmful in the body fluids and skeletal deposition is one
means of decreasing their concentration in the plasma to safe levels (lead). Some are
harmful in the skeleton and their removal and excretion would be preferred (radium,
Sr'"). Some are helpful in one concentration and harmful in another (fluorine). Some
become firmly fixed in the skeleton (radium, cesium), others loosely fixed so that
various physiological circumstances may cause their reappearance in the blood (Yttrium,
strontium, sodium). Some are adventitious and important only as means of studying
bone in vivo (tetracyclines).'-'^
In any case these substances behave in diverse and often diametrically opposed
ways, in response to physicochemical and physiological factors which may be guessed
at but are not at present known. The clinician would have a potent diagnostic and
therapeutic weapon if he could cause various elements to deposit in the skeleton and
leave it at will.
The hydroxyapatite theory alone cannot explain the diverse behavioral modes,
rates and quantities of blood-bone interchange. In some quarters this is being
recognized."-'^
• Department of Orthopedic Surgery.
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2 Skeletal Buffering: It has long been suspected that skeletal buffering of acidosis
and alkalosis occurs. It has been proved in vivo in animals. Several theories of the
chemical mechanism involved have been proposed. Nevertheless skeletal buffering in
man has been ignored although an ability to manipulate the fundamental mechanisms
involved would be another potent clinical weapon.
The skeleton contains the largest reserves of buffering materials in the body.
There is evidence that in chronic acidosis the skeletal reserves are utilized. We need
to know how and why so that the fundamental mechanisms may be manipulated in
acute situations to the benefit of the patient.
3. Hyperparathyroidism: Much information about hyperparathyroidism has been
accumulated. The role of the kidney is appreciated and further understanding of its
role imminent. In the process of learning about the kidney the skeleton became lost
and our knowledge of the skeletal dynamics of this disease is rudimentary, sophistries
to the contrary notwithstanding. Evidence turned up in recent years leaves little doubt
that the skeleton is as, or more, important than the kidney in this disease. Attempts
to integrate the hydroxyapatite-hydration shell theory into the pathophysiology have
been comic in outcome. This theory explains only a small part of the observed behavior.
There is reason to expect that with better knowledge of the skeletal dynamics the
clinician will be able to prevent danger of tetany foDowing removal of the adenoma
as he now prevents danger of thyroid storm following surgery in Grave's disease.
4. Skeletal Electrolyte Depot: It is proven that large stores of many of the body
electrolytes exist in bone and enter or leave the skeleton in significant quantities in
health and during disease. This knowledge is largely academic because we do not
understand the mechanisms by which transfer occurs and so cannot manipulate them
to suit the patient's needs. As with most other important things of which we are
ignorant, it is difficult to foresee the need for consideration of such a topic at clinical
or basic science levels. Yet better knowledge of the skeleton's contribution to the
pathophysiology of neuromuscular irritability, serum sodium and chloride levels, serum
calcium and phosphate levels, parathormone increase, citrate metabolism and heterotopic
calcification should lead to better diagnosis, treatment and understanding of numerous
related diseases.
The hydroxyapatite-hydration shell theory alone cannot explain why the physiological ions behave so differentiy in different ages, different sexes, different diseases
and even among the different ions. Worker A finds that X ion is firmly fixed in vitro
in the crystal lattice while worker B reports that in vivo it is loosely bound and readily
exchangeable!
CONCLUSION
The first step in injecting some order into the present jumbled state of affairs is
to recognize the major factors which affect blood-bone interchange as it applies to
ionic or molecular substances. (By blood-bone interchange is meant transfer to or
from the skeleton from or to the blood). Recognition of such factors will lead to
qualitative understanding of events. Following this, quantitative understanding will
come. The factors to be discussed, although not complete, are a beginning in recognition.
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The factors to be discussed fall naturally into 3 classes: physico-chemical, structural
and biological. Their separate consideration is somewhat artificial since their effects
and occasionally their genesis are interrelated. The strategem of separate consideration
is needed for clarity at present.
The fundamental unit of structure and of interchange in bone is the hydroxyapatitehydration shell complex. The elaboration of this concept is a major advance in our
understanding of skeletal behavior and previous remarks should not be interpreted as
criticism of this theory. The manner in which it is usually applied in explaining
interchange features is criticized. A considerable group of characteristics affect the
ability of an ion to get from the extravascular fluid to a hydroxyapatite-hydration
shell complex to such an extent that effects occur which are quantitatively more
important than the mass of crystallites themselves.
The current hydroxyapatite-hydration shell theory will be summarized first. The
factors affecting the ability of the total complex to equilibrate with the extravascular
fluid will then be considered separately. A familiarity with bone histology will be
assumed.
HYDROXYAPATITE H Y D R A T I O N SHELL COMPLEX'^
Of the two major skeletal phases - mineral and matrix - the mineral is quantitatively
most important in blood-bone interchange. The matrix will henceforth be ignored
although it does have some properties related to the present theme and although in
some manner it is essential to the deposition of mineral in bone.
The hydroxyapatite crystal is an arrangement of atoms in space: a lattice. It is
not a chemical compound, various substitutions in chemical identity being possible
while the same lattice is preserved. The crystallite is about 300 A long, needle shaped
and has the approximate chemical composition of Caio(P04)60H2 in our skeletons. Thus
a molar Ca/POi ratio of about 1.7 should exist. In fact ratios of 1.6-2.2 are found.
This discrepancy will be explained later.
The hydroxyapatite crystal is somehow bound to the surface of collagen fibers
and the binding is related to the 640 A periodicity of the collagen. While some crystals
may appear isolated in the matrix, 95% of the matrix is collagen so most of the
crystals are bound to or in collagen bundles. In unmineralized matrix a large amount
of water is present but in highly mineralized matrix little water is present, water
being displaced by the crystallites. The amount of matrix probably is constant during
this relative shift.'*
The surface of the crystallites strongly bind several layers of water and some
adventitious ions. More loosely bound to this inner layer is a thicker outer layer
consisting of more water and adventitious ions. The crystal is thus surrounded by a
hydration shell. The enclosed crystal gives us the total unit: hydroxyapatite-hydration
shell complex.
The chemical composition and relative proportions of one anion or cation to
others of like sign may be altered in 5 ways, all of which probably occur in living bone.
38

Mechanics and Dynamics of Blood-Bone
a) Ions may be loosely bound in the two layers of the hydration
shell.
b) Ions may be adsorbed and strongly bound to the crystal surface.
c) Ions may displace and substitute for atoms in the crystal lattice.
d) Ions may displace an atom in the crystal lattice and leave the
position vacant.
e) Ions may intrude into the lattice between the lattice positions
and remain there.
In vitro it is known that hydration shell exchange with the solute (a) is rapid,
adsorption layer exchange with solute less rapid (b) and lattice effects (c, d, e,) slow.
The Mg ions are felt to substitute for calcium ions. Carbonate is felt to be adsorbed
or in the hydration shell. The above statements summarize the knowledge leading to
various statements in publications suggesting that a particular ion must be in the
hydration shell or lattice to explain rate and quantity of exchange with a particular
radioisotope in vivo.
Current theory further recognizes that gradients in activity coefficients between
the crystal complex and the solute will lead to equilibration by transfer of appropriate
amounts of ions. The large crystal surface area per gram of bone (over 200 M^)
provides a large area for adsorption. With the attendant hydration shells the depot
capacity of the skeletal mineral is impressive in-vitro. If this were available in-vivo
patients would not die of acidosis however.
Recent work has uncovered the disconcerting fact that the problem of the
solubility of the hydroxyapatite crystal mass in the body fluids is exceedingly complex.
Solubility is affected by temperature, pH, concentration, charge, mass, nature of
adventitious ions present, surface active agents, specific ion effects, dielectric constant
at crystal-solute interface and others. Empirically it is found that the serum is supersaturated with respect to the bone mineral although the concentration of ionized
calcium and phosphate in the serum is below that needed to cause a precipitate. Efforts
are currently being made to determine the effect on activity coefficients of a number
of physiologic substances, hoping that the effects may provide comprehension.
If the chemical composition of the hydroxyapatite is qualitatively correct then
buffering is readily explainable by the release of hydrogen ions and uptake of hydroxyl
ions as the solute ions precipitate to form hydroxyapatite. The converse should also
be true with removal of hydrogen ions from and addition of hydroxyl ions to the
solute as the bone salt dissolves, thus buffering an acidosis. Since it is not known if
carbonate is present in the divalent or monovalent form its contribution to buffering
is speculative.
Complicating this picture is the fact that evidence exists for the presence of a
solid phase of some other lattice structure than hydroxyapatite in living bone but
not in dead hone.'-'
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FACTORS AFFECTING ION TRANSPORT BETWEEN BLOOD
A N D HYDROXYAPATITE CRYSTAL
PHYSICOCHEMICAL
It should be noted in presenting these factors that they are known to affect
diffusion impedence in-vitro and in other fields such as chemistry, geology and metallurgy. When direct evidence of the presence of the effect in-vivo in bone is lacking
this will be noted.
1. Ionic Radius: When bone is mineralized less than about 80% of the possible
maximum, it is apparently completely permeable to all ions and molecules of physiologic importance except the (uninvestigated) soluble proteins. This feature is the
basis of the writer's fuchsin standard for classification of mineralization densities in
fresh, undecalcified sections.^-*-'-' As mineralization increases, ions and molecules of
decreasing size exhibit, first, diffusion impedence out of proportion to that exhibited
by the next smaller ionic radius; second, total exclusion from the bone with further
rise in mineral density.' In any given moiety of bone mineralized over 80% there is
a limiting ionic radius, above which detectable permeation of bone does not occur,
below which it does. At 80% mineralization the ionic radius is on the order of
fuchsin, methylene blue and similar histological dyes. At 90% urea, uric acid, glucose
and citrate are excluded. At between 90% and 95% the heavy metals are excluded.
Tabulations of radioisotope exchange data strongly suggest the operation of the
ionic radius factor in in-vivo experiments.'^
2. Ionic Charge: Given the same or nearly the same ionic mass and size, and
uniform mineralization density, the valence of the ion exerts an effect. Increasing
valence is accompanied by increasing diffusion impedence. The effect seems to be
less significant than the ionic radius effect. While the effect is readily demonstrable
in vitro in fresh bone, published exchange data do not corroborate due to the lack of
similarity in mass and ionic radius of the ions experimented with.
3. Ionic Mass: In other fields increasing ionic mass is accompanied by increasing
diffusion impedence. It is tempting to assume that the large, rapid in-vivo exchange
of skeletal water with the deuteron is the result of its small mass and in part it may be.
Its small ionic radius probably accounts for most of the observed permeability however.
A mass effect, while to be expected, exists by inference only at present.
4. Blockade: In numerous fields it is known that certain ions will produce
intentional or objectionable blockade of diffusion, in effect seeming to plug up the
interstices which are the entrance to diffusion pathways in a substance. In fresh bone
in vitro this effect can be observed with some of the heavy metals and with fluoride.
More significantly it can be produced with phosphate ions in p H ranges higher than
7.1." This appears to be a completely uninvestigated bone effect, there being no
publications dealing with it. One wonders how much of the skeletal effect of fluorine
may be attributable to blockade. In any event blockade, if it occurs in vivo, would
be expected to display quantitative effects out of proportion to the variation in concentrations of the active ion or molecule.
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STRUCTURAL
These effects are less speculative than the physicochemical effects just listed since
they are readily demonstrable and in some cases provide the most suitable explanation
for available data.
1. Mineralization density per unit volume of bone: From the time newly formed
matrix begins to mineralize until it is destroyed by remodelling processes (sometimes
after 55 years of existence) progressive accretion of mineral with displacement of
water occurs. Initially mineral accretion is rapid so that 80% of maximum mineralization
has occurred in about 4 weeks. The accretion rate diminishes so that at one year
density is about 90% and at 10 years about 98% of maximum. The mineralization
density of bone therefore is a function of the age of the moiety being considered.
Because children are growing and enlarging rapidly, the average age of their
skeletons is low, being about two months at birth, 9-12 months at age two and 2-4
years at age 10. (Older bone is removed by remodelling). Their average skeletal
mineralization density is similarly low at birth and gradually increases with
increasing age.
Adults, having ceased growing, are turning bone over as a result of routine
remodelling only and the older they get the greater is the average age and thus
mineralization density of the innumerable bone moieties which make up their skeletons.
Correlated with the above are clinical exchange data for various bone-seeking
radioisotopes. The younger the individual, the more complete is the exchange of the
radioactive tracer with the bone depot of ions. This cannot be explained by hydroxyapatite-hydration shell complexes. It is due to the fact that diffusion impedence is
increased with increasing mineralization density. The average rate of skeletal exchange
of a given ion in the extracellular fluid is diminished by diffusion impedence. The
farther a given crystallite is located from a source of extracellular fluid, the slower
is its equilibration with alterations in the extracellular fluid. Since most exchange
experiments cover a few hours or at the most a few days, in adults (animals and man)
a good share of the skeleton completely escapes equilibration with the blood.
2. Diffusion Polarization: Histologists have long felt that the lamellar structure
of mature bone does not reflect any significant difference in structure or function.
For the purposes of ion diffusion impedence this feeUng is false. In undecalcified
sections lamellae are biphasic. Zone A is thin (about 2 u ) , highly retractile, homogeneous and has the longer optical path. It corresponds to the bright band under
polarized light and the zone of collagen bundle interweaving in silver stained, decalcified
sections.
Zone B is thicker (about 5 u ) , under phase contrast appears composed of
irregularly placed blocks of material jumbled together and is the dark band of polarized
light and the zone of unidirectional collagen bundles in silver stained, decalcified sections.
In-vitro in perfectly fresh, unfixed, undecalcified, wet sections prepared by the
writer's techniques. Zone A has an appreciably higher diffusion impedence than Zone
B, diffusion progressing twice as far in the latter. This behavior is manifested with
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heavy metals, with dilute acid buffers and acids, with alkaline doubly ionized sulfide,
with progressive permanganate oxidation and with various leaching and complexing
techniques.'-'
Accordingly the lamellar structure of the normal skeleton probably creates diffusion
polarization so that ions diffuse more readily in Zone B and paraflel to it than in or
across Zone A. This effect is not present when mineralization is below 80-85% of
maximum and so does not exist in new forming bone or in the condition called
feathering.'
A similar but more effective diffusion barrier occurs in the cement line. In fresh
undecalcified sections the cement line is also biphasic. The portion lying in the older
bone mass is highly retractile, optically of longer path length, more densely mineralized
and contains more alizarin-stainable calcium than the portion lying in the newer bone.
The latter is part of the new bone and was cemented down on the older part when
the formation of the newer bone began. It is collagen poor and poor in alizarinstainable calcium. While it is as permeable as lamellar zone A, the denser part lying
in the older bone is extremely impermeable and probably polarizes ion diffusion also."
Under pathological circumstances the diffusion impedence of cement lines creates
significant effects which will be outiined later. (See Figs. 1, 2, and 3).

Figure 1

Figure 2

Undecalcified cross section human clavicle.
Etched with 1 M Na C l , stained with basic
fuchsin. The etching removed bone salt from
the dark areas permitting subsequent stain of
the exposed matrix. The lamellar orientation is
apparent. The escape of the cement lines is
especially striking.

Longitudinal section human rib. 0.1 N AgNOj
one month. The lamellar orientation of the diffusing silver ions is evident. There would appear to be an even finer diffusion structure than
the lamellar one discussed.
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Figure 3
Phase contrast photomicrograph of fresh human tibia, cross section. About 500 X. The lamellar
structure discussed in the text is revealed. The coarser lines between arrows are cement lines and
the biphasic structure can be seen.
3. Canalicular network: Fortunately for healthy people normal bone contains
an extensive canalicular network which connects lacunae to vascular channels and
thus a source of blood. There are on the average 26,000 lacunae and 1,000,000
canaliculae per mm^ in human bone and on the average no crystallite is further than
about 5 u from a canalicula or lacuna.' This is a very elaborate distributional network.
In addition there are normally numerous anastomoses across cement lines so that the
diffusion barrier is normally circumvented.
All is still not rosy. In the absence of life diffusion along the canalicular network
is poor, whether it be determined in vitro with various reagents or in vivo with substances such as tetracyclines. Days are required for reagents to diffuse from the
Haversian canal to the outermost lacunae, a distance averaging 100 u. The reasons
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for this slow diffusion are physicochemical in nature and due basically to the smallness
of the canalicular lumen, 0.35 u in diameter. At this size the charge, surface tension
and dielectric constant at the canalicular wall exert significant effects. With this note
the biological effects are introduced. (See Fig. 4).

Figure 4
Cross section human rib about 800 X, basic fuchsin. The innumerable canaliculae are impressive in
spite of the narrow depth of focus of the objective used in taking this photomicrograph.

BIOLOGICAL EFFECTS
These effects divide naturally into normal and pathological.
Normal
1. The Metabolic Pump: Normally the lacunae contain living osteocytes. The
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metabolism of these cells creates concentration gradients between the fluid around
the bone's blood vessels and the fluid bathing the osteocytes in the lacunae. The
maintenance of these gradients provides the necessary energy and osmotic pressure
to accelerate ion diffusion betwen blood and osteocyte. Because of the impermeability
of the surrounding bone the diffusion pathway is the canalicular lumen.
Because gradients are produced it is necessary to infer that the composition of
the fluid in the lacuna is different from the composition of the fluid around the
bone's blood vessels. The differences could involve molarity, pH, activity coefficients
and chemical composition. A temperature difference might be anticipated.'^
The possible differences in the lacunar fluid as compared to the extracellular
fiuid and serum represent a large field of ignorance and future research which must
be delved into before osteocyte metabolism and bone salt composition can be properly
understood. The osteocyte in effect is the keeper of the gate between bone and blood.
If we wish to control the gate we must learn the coinage of the keeper.
2. Halo Volume: In normal, living bone the bone wall of the osteocyte lacuna
and of the parts of the canaliculae within about 2 u of the lacuna is normally more
permeable than the remaining intercanalicular and interlacunar bone. In some fashion
this increased permeability is produced and maintained by the metabolic effect of the
osteocyte on its bathing lacunar fluid. When the cell dies the halo volume permeability
disappears, in vitro as well as in vivo.'-'-"
Halo volume is about 15% of the skeletal volume exclusive of marrow and
vascular channel. It represents a readily permeable fraction of the skeleton situated
close to the metabolic pump and canalicular network which enables it to equilibrate
rapidly with short-time changes in the blood. Most of the rapid exchange of bone
with blood probably occurs in halo volume. Its ready permeability is the reason that
initial exchange rates are so high. If the halo volume were absent the initial exchange
rates should be much slower, on the order of the rates and quantities found in dead
bone in vitro. This point has been studiously ignored in presentation of exchange
data interpretation. (See Fig. 5).
3. New Bone Formation: New-forming bone is permeable because it has not
had sufficient time to mineralize up to the 80% mark at which ionic radius, charge
and mass of diffusing ion seem to become important. The amount of new bone in
the skeleton represents a readily available, rapidly and nearly completely exchangeable
depot of bone mineral. From the standpoint of quantity new bone comprises about
40% of the new born skeleton, 10% at 18 months and 0.05% at age 40. It comprises
less of the total skeletal mass however due to the fact that old bone has more mineral
per unit volume than new. As a factor in blood-bone interchange new bone would
be important in the very young and decrease in importance with age, probably being
unimportant in comparison with other effects after age 10.
Pathological
1. Feathering: In this condition abnormal amounts of incompletely mineralized,
fuchsin permeable bone accumulate in the skeleton, especially in symptomatic osteoporotics. Its incidence (over 15% of the skeleton affected) in a general hospital
45
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Figure 5
Cross section human fibula. The patient had Vitamin D resistant rickets. The large zone of fuchsin
permeability around many of the osteocytes is abnormal and may be compared with Figure 4. This
is the Halo Volume part of the bone. Basic fuchsin, about 400X.

patient population is about 10%. Because of canalicular occlusion at the wall of the
Haversian canal not all feathered bone is readily available to the extravascular fluids
but significant quantities of it are. The presence of feathering may be expected to
affect blood-bone interchange rates and quantities in the occasional patient who is
affected by it. (See Fig. 6 ) . '
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Figure 6
Feathered bone from the tibia of a 48 year old woman. The stained parts of the Haversian systems
illustrated are fuchsin permeable and incompletely mineralized. About 200X, basic fuchsin.

2. Osteocyte Death in Vivo: Normally increasing numbers of osteocytes die as
we age, on the average 50% of them being dead at age 70. There are wide variations
around this average, some of this variation being pathologic. Some skeletons appear
to be over 80% dead. The absence of the metabolic pump in the affected patients
who are for the most part elderly would be expected to affect blood-bone interchange
47
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processes. Since halo volume are lacking around these dead cells the variability of
certain exchange data in older humans would appear to be correlated with osteocyte
death and halo volume loss rather than with mysterious alterations in the
hydroxyapatite crystals.'-"
3. Micropetrosis: In this condition a peculiar hypermineralization is found in
the bones, mainly in older patients. Canaliculae are occluded with mineral and often
lacunae are similarly occluded. The affected osteocytes are dead. Micropetrotic bone
is dead, hard, brittle, very highly mineralized, extremely impermeable in-vitro and
exists on an average of 15% of the skeleton at age 70, wide variations again occurring.
Some skeletons on hand are over 40% micropetrotic.
Micropetrotic bone does not partake in ion exchange with the blood to any
significant degree in time periods of under two months. The occasional patient who
exhibits this change in his bones would thus exhibit abnormal blood-bone exchange
phenomena. The affected portion of his skeleton would be isolated by the impermeability of the affected bone and of the cement lines which sharply separate it
from normal bone.
While micropetrosis of severe degree is not common its first stage, occlusion
of the canalicular anastomoses across cement lines by mineral, is quite common
after age 50 and increases with advancing age. The effect of this minute histological
change is that progressive isolation of extraHaversian bone from the Haversian vessels
occurs, markedly impeding rate and quantity of equilibration in activity gradients
between these two units. Since extraHaversian bone comprises about 60% of the
average elderly skeleton this effect is not a minor one. (See Fig. 7)."
DISCUSSION
The factors just outlined are a start towards recognition and measurement of the
aids and hindrances nature has placed between extravascular fluid and bone crystallites.
Their large potential effects and in several instances the corroborative in-vivo evidence
of their existence make it unwise to ignore them when interpreting observed bloodbone exchange data.
The material presented may be summarized as follows:
The basic depot and exchange unit of the skeleton is the hydroxyapatite-hydration
shell complex with its adventitious ions. Between this complex and the extravascular
fiuid in bone's vascular spaces three groups of effects occur which either impede or
aid movement of an ion from the extravascular fluid to the vicinity of the crystal
complex. The physicochemical factors include the size, charge and mass of the diffusing
ion and a blockade effect. The structural factors include mineralization density,
diffusion polarization and the canalicular network. The biological factors include,
normally, the osteocyte's metabolic pump, halo volume and new bone formation while
pathologically feathering, osteocyte death and micropetrosis are found.
It has already been mentioned that separation of these effects is artificial. No
attempt has been made to outline the mechanisms of the effects or to claim that
the list is complete.
4S
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Figure 7
Micropetrosis. Human femur, 47 year old woman. Cross section of the cortex. The white areas
appear so because their canaliculae are filled with mineral and unstainable. The Haversian systems
and small parts of the interstitial lamellae appear darker because of stained lacunae and canaliculae
out of focus above and below the focal plane of the objective.

We do not yet know enough about bone to propose a comprehensive theory of
its interactions with the extravascular fluids. It has been common in similar situations
that the afflicted field is beset with schools of thought and with narrow ranges of
interest which are zealously guarded. While there is general agreement that something
4';
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new is needed, there is general consternation when it arrives! The field of the
interaction of bone with the extravascular fluids is now in such a state. It is with
this in mind that the following remarks are recorded.
If one feels that calcium turnover in osteoporotics should be low, he has
available a number of papers which will substantiate his belief. If he belongs to
another school and feels that it is high, he may find papers to substantiate this.
How can such diametrically opposed conclusions be reconciled by one who belongs
to the school of objective evidence, if hydroxyapatite is nature's sole exchange
mechanism?
The same situation exists elsewhere. Phosphate bone exchange from 0.5%
to 40% can be found, as can calcium: 0.5% - 30%; sodium: 0.1% - 75%;
deuterium: 50% - 100%; carbonate: 1% - 60%. Widely varying exchange data
can be found for states such as osteomyelitis, rickets, osteomalacia, Paget's disease,
cardiac disease, renal disease and no disease.
Publications can be found which conclude (as wished) that bone is normal
or abnormal in quality in various diseases, normal or abnormal in amount, hard
or soft, permeable or impermeable, new or old, live or dead. It has been frequently
written that the osteocyte maintains the bone, occasionlly that it has no function
but rarely has any specific function been attributed to it although it is becoming
evident that because of where it sits and of what happens or does not happen,
it does something.
It is time this state of affairs ended. Exchange data can mean littie unless
the sex, age, type of bone examined, method of examination and its hmitations,
physiological state of the organism, physiological or pathological state of the bone,
concomitant treatment "unrelated" to the experiment and the permeability of the
bone are specified. Calcium balance studies have limited value unless it is known
whether the calcium loss occurs from bone destruction (osteoclastic activity), halo
volume halisteresis or migration out of the crystal complexes. The same holds
true for positive calcium balance and for balance studies on magnesium, phosphate,
sodium, carbonate, lead and fluorine.
The processes of osteoclastic resorption, halo volume halisteresis and crystallite
exchange are different with different metabolic controls. It is folly to avoid
measuring them and instead interpret their gross effects in a currentiy popular vein.
Bone mineral is, in any final analysis, the material affected by skeletal gain or
loss; it is injudicious to avoid studying it by decalcifying the bone and promptly
forgetting the mineral. When this is done half of the information in the original
bone is flushed down the drain. 'When a metallurgist or geologist knows that diffusion
through different phase systems is governed by specific effects, it is unwise to
exclude consideration of these effects in bone simply because they have not been
completely investigated or quantitated. When a microscopist is able to demonstrate
physical states in bone which impede or accelerate ion diffusion it is foolish to
ignore the states because their effects might invalidate the interpretation of data
in the currently popular vein. When exchange rates consistently reveal an initial
50
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large exchange rate and a subsequent small one in the face of a physical situation
which, according to current belief, should lead to steady rate exchange, it is folly
to ignore it.
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